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INTRODUCTION. 

The  accuracy  of  a  test  on  a  gas  producer  de- 
pends largely  upon  the  duration  of  the  test.  The 
conditions  in  the  producer,  especially  in  a  pro- 
ducer of  the  type  tested,  are  constantly  varying 
and  difficult  to  control,  so  that  accurate  results 
cannot  be  obtained  on  short-period  tests.  An  ex- 
periment of  this  nature  must  be  of  such  duration 
that  the  errors  arising  from  the  irregularities  in- 
herent in  the  operation  become  negligible.   It  is 
hoped  that  the  tests  herein  described  will  meet 
this  requirement. 

The  v;riters  are  indebted  to  Professor  H, 
McCormack  and  Mr.  E.  YJ.  McMullen  of  the  Chemical 
Engineering  Department  for  the  chemical  analyses 
herein  given.  They  are  under  obligation  also  to 
the  instructors  of  the  Mechanical  Engineering  De- 
partment for  advice  on  the  method  of  procedvj-e, 
and  to  several  fellov/  students  for  assistance  in 
operation. 
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Object  of  the  Tests. 

The  suction  gas  producer  burning  anthracite 
coal  of  the  finer  grades  is  thought  to  be  well 
adapted  for  use  in  the  field  of  small  isolated 
power  plants.  That  it  is  not  being  adopted  more 
readily  as  a  source  of  power  is  due  to  a  great  ex- 
tent to  the  lack  of  impartial  data  on  the  effi- 
ciency, reliability,  and  cost  of  operation  of  this 
class  of  machine.  The  object  of  these  tests  is  two- 
fold: to  become  familiar  with  the  action  of  a  suc- 
tion gas  producer  of  small  size  under  continuous 
operation,  and  to  obtain  reliable  data  on  the  effi- 
ciency and  reliability  of  such  a  producer.  Two 
tests  v/ere  m.ade,  of  thirty-six  and  seventy-two  hours' 
duration  respectively,  with  the  same  kind  of  fuel, 
but  under  different  conditions  of  operation. 

THEORETICAL  DISCUSSION 
Simple  Carbon  L!onoxide  Prpducer. 

In  its  simplest  form,  the  gas  producer  consists 
of  a  closed  retort  in  which  carbon  is  burned  in  a 
limited  supply  of  oxygen.  Fig.  1  shows  such  a  produ- 
cer. Air  enters  at  the  base  of  the  producer,  passes 
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up  through  the  ash  zone  and  into  the  fuel  bed.  Here 
the  oxygen  of  the  air  unites  v/ith  the  incandescent 
carbon  to  form  carbon  dioxide,  as  represented  by 
the  equation 

C+  02=C02  (1) 

This  reaction  is  exothermic;  i.  e.,  it  gives  out 
heat.   For  every  pound  of  carbon  burned  to  COg  14,540 
B.  t.  u.  are  liberated. 

The  carbon  dioxide  thus  formed,  in  passing  up 
through  the  incandescent  fuel  bed,  begins  to  take  up 
more  carbon,  and  forms  carbon  monoxide,  thus: 

CO3  +  C  =  2C0        (2) 
This  reaction  is  reversible,  the  direction  in  which 
it. takes  place  depending  upon  the  temperature. 

Reaction  (2)  is  endothermicj  i.  e.,  it  absorbs 
heat.   For  every  pound  of  carbon  used  to  form  the 
monoxide,  10,100  B.  t.  u,  are  absorbed.  This  10,100 
B.  t.  u.  is  given  up  in  the  combustion  of  CO. 

To  sum.  up  the  interchange  of  heat  in  the  for- 
mation of  carbon  m.onoxide: 

1  lb.  C  burned  to  COg  evolves  14,540  B.  t.  u. 

1  lb.  C  burned  to  CO  evolves   4.440  B.  t.  u. 

Available  heat  in  the  gas     10,100  B.  t.  u. 
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The  theoretical  efficiency  of  the  carbon  iTiOn- 
oxide  producer  is  thuG  shown  to  be 

14,540 
The  remaining  30.5^  is  lost  in  radiation,  conduction, 
and  in  the  sensible  heat  leaving  the  producer. 
Conditions  in  the  Actual  Producer. 

Owing  to  this  high  heat  loss,  the  simple  carbon 
monoxide  producer  is  now  obsolete.   In  the  comrnercial 
producer  this  heat  loss  is  greatly  reduced  by  using 
the  available  heat  in  the  decomposition  of  some  other 
agent,  either  v/ater  vapor  or  carbon  monoxide.   In 
the  producer  using  water  vapor,  a  mixture  of  steam 
and  air  is  introduced  at  the  base.  In  passing  up 
through  the  incandescent  fuel  bed,  the  vapor  is  de- 
composed, according  to  either  of  the  following  re- 
actions, 

2H2O  -f-  C  :=  2H^+C0         (3) 
H2O  4-  c  =  n?  +  CO        (4) 

It  is  considered  that  reaction  (3)  occurs  in 
the  regions  of  comparatively  low  temperature;  i.  e., 
betv/een  1000°  and  1600°  F.  Above  1600°  F.  re- 
action (4)  predominates.  The  steam  introduced  in 
the  producer  thus  not  only  adds  a  combustible  con- 


atituent  to  the  gas  forced,  but  also  serves  to  eli- 
minate many  of  the  difficulties  met  with  in  the 
operation  of  the  producer. 

The  formation  of  producer  gas  in  the  actual 
producer  probably  takes  place  in  the  following  man- 
ner: The  mixture  of  steam  and  air,  comparatively 
cool,  enters  at  the  ash  pit  and  passes  up  into  the 
fuel  bed,  cooling  dov/n  in  its  passage  the  first 
layer  of  fuel,  termed  the  combustion  zone.  Here 
reactions  (1)  and  (3)  are  considered  to  take  place, 
part  of  the  oxygen  from  the  air  uniting  v;ith  the 
carbon  to  form  COs^  while  part  of  the  vapor  decom- 
poses into  CO2  and  H2.  The  COg  thus  form.ed  passes 
up  into  the  hotter  portions  of  the  fuel  bed  and 
takes  up  more  carbon,  forming  CO,  according  to  re- 
action (2).  The  water  vapor  v.-hich  has  not  been  de- 
composed, and  the  oxygen  v/hich  has  not  been  com- 
bined in  t  he  combustion  zone  now  pass  up  into  the 
hotter  decomposition  zone,  where  the  oxygen  is  con- 
verted into  CO  by  reactions  (l)  and  (2),  and  the 
moisture  into  CO  by  reaction  (4). 

The  gas  leaving  the  decomposition  zone  is  thus 
seen  to  consist  of  H3,  CO,  CO2,  and  small  quantities 
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of  O3,   As  this  hot  gas -passes  through  the  com- 
paratively cool  fuel  in  the  distillation  zone,  it 
drives  off  and  mixes  uith  some  of  the  volatile  mat- 
ter from  the  coal.   In  the  case  of  anthracite  coal, 
this  volatile  matter  consists  of  small  quantities 
Hs,  HgO,  CH4,  G2H4,  and  condensible  by  hydrocarbons 
in  the  form  of  tar.  Where  bituminous  coal  is  used, 
the  volatile  matter  might  form,  a  large  portion  of 
the  heating  value  of  the  gas. 

There  are  many  factors  which  influence  the 
respective  rates  and  extent  of  each  of  the  reac- 
tions discussed.  High  temperatures  in  the  produ- 
cer tend  toward  the  formation  of  CO  and  H2..   A 
deep  fuel  bed  usually  yields  a  gas  low  in  H3  and 
high  in  CO,  while  a  shallov;  fuel  bed  tands  to  pro- 
duce a  gas  low  in  CO  but  high  in  CO2  and  Hg. 

APPARATUS 
The  Pro  due  er 

The  producer  used  in  these  tests  was  manufac- 
tured by  the  Smith  Gas  Power  Co.,  of  Lexington, 
Ohio,  and  is  known  as  their  35  H.  P.  Type  "E"  Suc- 
tion Gas  Producer.  Tig,   2  shows  a  vertical  section 
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through  the  producer,  with  the  principal  dimensions 
indicated. 

The  producer  consists  of  steel  shell  lined 
?;ith  fire  brick.  The  fuel  is  supported  by  a  flat, 
shaking  grate,  v;hich  is  suspended  by  chains  froir.  the 
steel  ring  supporting  the  brick  lining.  The  charging 
hopper  H  (  Fig.  3  )  is  designed  v/ith  special  atten- 
tion to  keeping  the  producer  air-tight  at  all  times. 
It  consists  of  a  hollow  cylinder  C,  about  16  in.  in 
diameter  and  14  in.  deep,  which  is  closed  at  the 
bottom  by  the  circular  door  D.  This  door  is  pivoted 
at  0,  and  can  be  slid  across  either  side  of  the  open- 
ing by  means  of  the  arm  A.   A  tin  cover  T  fits  around 
the  hopper,  and  dips  into  the  water-seal  W,  thus  ef- 
fectually insuring  the  producer  against  leakage  of 
air  from  above. 

The  Plant . 

The  complete  installation  for  generating  the 
gas  and  testing  is  shovm  in  Fig.  3.  The  generating 
equipment  consists  of  the  producer  A,  the  wet  scrub- 
ber B,  the  dry  scrubber  C,  and  the  water  regulator  G. 

The  wet  scrubber  is  a  device  for  cleaning  and 
cooling  the  gas,  and  consists  of  a  pipe  fitted  with 
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baffles  over  which  v;ater  is  sprinkled.  The  gas  is 

drawn  through  the  scrubber;  and,  in  winding  its  way 

through  the  baffles,  comes  into  contact  with  the 

water,  and  is  thus  cleaned. 

separator 

The  dry  scrubber  or  moisturey^is  a  steel  tank 
of  sufficient  cross-sectional  area  to  decrease  the 
velocity  of  the  gas  to  the  point  where  the  entrapped 
water  particles  drop  out.  The  water  is  then  drained 
off.   In  order  to  insure  thorough  cleaning  of  the  gas, 
the  writers  placed  a  series  of  baffles  of  wire  gauze 
and  excelsior  in  this  pipe. 

The  water  regulator  is  a  vital  part  of  the  gen- 
erating equipment,  and  deserves  special  mention. 
Fig.  4  shov;s  the  regulator  together  the  economizer, 
or  heater,  for  vaporizing  the  water  and  preheating 
the  air  introduced  into  the  producer.  A  portion  of 
the  producer  gas  generated  was  piped  to  the  heater 
and  burned  in  a  torch  at  A.  The  hot  gases  from 
this  flame  encircle  the  interior  of  the  heater  B, 
and  heat  in  their  passage  the  thin,  flat  disks  C, 
through  which  the  air  and  steam  pass.  The  gases, 
considerably  cooled,  finally  pass  out  to  the  atmos- 
phere at  D.  Where  the  producer  is  connected  to  an 
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engine  the  exhaust  gaaea  are  used  in  place  of  the 
torch. 

The  regulator  consists  of  a  weighing  vessel  W 
pivoted  upon  a  shaft  S.  The  rod  R  connects  the  vane 
G  with  this  vessel.  The  water  enters  the  container 
W  through  the  inlet  valve  E  and  pipe  P.  IT  is  a  sraall 
needle  valve  by  means  of  which  the  amount  of  water 
flowing  through  the  orifice  0  can  be  regulated.   If 
more  v/ater  is  supplied  to  W  than  can  pass  out  through 
0,  the  excess  is  drained  off  to  II  by  an  opening  not 
shown  in  the  figure,  and  passes  out  through  the  drain 
M.  K  is  a  counter  weight  to  aid  in  bringing  W  back 
into  position.   The '  operation  is  as  follov/s: 

The  suction  in  the  producer  causes  a  rush  of 
air  through  H,  and  a  consequent  deflection  of  the 
vane  G  to  the  position  indicated  by  the  dotted  lines. 
This  allows  the  water  to  flow  out  through  the  orifice 
0.  This  water  is  swept  down  to  the  hot  disks  C  and 
is  vaporized  and  usually  superheated.   If  an  engine 
is  coupled  to  the  producer,  the  vane  is  deflected 
with  every  suction  stroke  of  the  engine,  and  is 
brought  back  to  the  original  position  by  means  of 
the  counterweight. 

The  suction  was  produced  by  a  small  exhauster 

_i  '^— 


operated  by  a  5-  H.  P.  variable  speed  motor.  The  pro- 
ducer ie  equipped  with  a  hand  blower  for  starting, 
but  its  use  v/as  not  found  necessary  in  the  tests. 
When  the  producer  is  run  with  an  engine,  however, 
this  bloT^er  is  indispensable. 

Testing;  Apparatus  ♦ 

The  testing  apparatus  consisted  of  a  Venturi 
meter  for  determining  the  volxime  of  gas  generated, 
a  water  meter  for  measuring  the  water  supplied  the 
scrubber,  platform  scales  for  weighing  the  water 
supplied  the  regulator  and  the  ash  removed  from  and 
the  coal  fed  the  producer,  a  Junker  gas  calorimeter, 
a  gasometer,  and  thermometers  for  measuring  the  va- 
rious temperatures,  as  explained  below. 

The  Venturi  meter  used  for  measuring  the  gas 
is  3  in.  in  diameter  upstream  and  1  in.  in  diameter 
at  the  throat.  The  upstream  taper  is  3  in.  to  1  ft., 
and  the  downstream  taper  is  1  in.  to  1  ft.   The  total 
length  of  the  meter  is  S  ft.  9  in.  All  parts  except 
the  throat  are  made  of  heavy  tin  with  soldered 
joints.  The  throat  is  of  brass,  accurately  turned 
to  a  diameter  of  1  in.  Four  leads  to  draft  gauges 
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are  tappsd  both  at  the  -throat  and  upstream.   It  was 
thought  that  a  number  of  openings  such  as  those 
used  7/ould  eliminate  errors  due  to  current  disturb- 
ances.  In  order  to  keep  these  leads  free  from  any 
soot  and  tar  that  might  collect  at  the  throat,  a 
number  of  holes  for  cleaning  were  tapped  in  the 
tubes.  These  holes  were  kept  closed  with  suitable 
screws  and  washers. 

The  T;ater  supplied  the  scrubber  was  measured 
by  a  If  in.  Empire  disk  meter.  The  temperatures  of 
the  inlet  and  outlet  water  were  obtained. 

The  weight  of  water  vaporized  was  measured  by 
v;eighing  both  the  vrater  supplied  the  r  egulator  and 
the  overflow.   As  the  mixture  of  air  and  steam  left 
the  coils  of  the  heater,  it  was  sv/ept  through  the 
lagged  pipe  G  (Fig.  3)  to  the  ash  pit.   The  tempera- 
ture of  the  mixture  was  indicated  by  a  400°  ther- 
mometer placed  at  the  elbow  of  this  pipe  just  at 
the  entrance  to  the  producer. 

The  blower  drew  the  gas  from  the  producer 
through  the  wet  scrubber,  the  moisture  separator, 
the  Venturi  meter,  and  discharged  it  into  the  pipe 
I  (Fig.  3).  The  temperature  of  the  gas  was  measured 
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just  as  the  gas  issued  from  the  wet  scrubber,  and 
again  after  it  had  passed  through  the  Venturi  meter. 

After  passing  through  ths  blower,  the  gas  was 
discharged  into  the  horizontal  pipe  I,  as  noted  a- 
bove.  From  this  pipe  a  portion  of  the  gas  was  dis- 
charged to  "aste,  part  to  the  gasometer  and  Junker 
calorimeter,  and  the  remainder  was  utilized  at  the 
heater  to  vaporize  the  water  supplied  the  producer. 

The  waste  pipe  was  plg.ced  near  the  outlet  of 
the  blower,  and  rose  vertically  to  within  about  2 
ft.  of  the  ceiling  and  then  passed  through  the  win- 
dov/  and  continued  upward  about  2  ft.  to  the  free 
air.   This  pipe  was  at  first  equipped  with  a  butter- 
fly valve  for  regulating  the  amount  of  gas  supplied 
the  burner.  The  regulation  of  the  flame  at  the 
burner  proved  to  be  highly  important,  and  this 
valve  was  not  sufficient  for  this  purpose.  A  gate 
valve  v/as  put  in  its  place  for  the  second  test, 
and  this  proved  satisfactory. 

The  sampling  pipe  was  screwed  into  the  supply 
main  about  5  in,  beyond  the  waste  pipe.   In  order 
to  give  sufficient  velocity  to  the  gas,  an  elbow 
was  screwed  to  the  end  of  the  pipe  inside  the  supply, 
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and  was  turned  upstream,  ^hie  pipe  had  a  lead 
for  the  continuous  sample  at  the  gasometer,  and 
another  for  a  Bunsen  burner,  and  finally  ended  at 
the  Junker  gas  calorimeter.   It  was  3/8  in,  in  dia- 
meter and  about  60  ft,  long,  and  had  5  right  angle 
bends  before  it  terminated  at  the  calorimeter. 

That  portion  of  the  gas  which  was  not  dis- 
charged to  waste  or  used  in  sajnpling  was  burned 
at  the  heater  below  the  water  regulator,  and  served 
to  vaporiz§  the  water  fed  the  producer.   It  v/as 
burned  in  a  long,  torch-like  flame  that  impinged 
against  the  coils  of  the  vaporizer.  A  valve  at 
the  nozzle  of  the  burner  served  to  regulate  the 
amount  of  gas  burned. 

Calibration  of  Apparatus . 

In  calibrating  the  Venturi  meter  an  effort  was 
made  to  dup'licate  in  the  calibration  as  far  as  pos- 
sible the  conditions  in  the  test.  A  large  gas  meter 
which  had  previously  been  calibrated  and  had  been 
found  correct  to  \7ithin  1^,  v/as  connected  to  the  out- 
let  of  the  exhauster.  The  waste  ia  sampling  pipes 
were  then  closed,  and  the  blower  was  started.   It 
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maintained  a  uniform  -flov;  of  air  througli  the  meter, 
and  thus  greatly  aimplified  the  calibration.   This 
calibration  was  made  after  the  tests  had  been  run, 
with  the  conditions  of  flov;  exactly  similar  to  those 
of  the  gas  in  the  tests.  . 

Five  runs  of  15  minutes  duration  each  were 
made  and  the  head  between  the  upstream  and  throat 
of  the  venturi  was  varied  for  each  run.  The  temper- 
atures of  the  inlet  and  outlet  air,  the  barometer 
reading,  and  the  relative  humidity  were  obtained. 
The  quantity  of  air  delivered  was  calculated  from 
the  equation 

Q  -      CAY3g(lil-ii3)j 
where  C  is  a  coefficient  determined  by  experiment, 
A  is  the  area  at  the  throat  in  so.  ft,, 
h-]_-  ho  is  the  head  in  feet  of  air. 
Q  is  the  volume  of  gas  in  cu.  ft.  per  sec. 
The  following  results  were  obtained: 

mo.   run      Head  in  in.  water   Vol.  del.   Co  ex .  C. 

cu.  ft./hr. 

1  1.5 

2  2.55 

3  4.75 

4  8.17 

5  9.85 
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1534- 

0.938 

1988 

0.938 

2813 

0.940 

3684 

0.992 

4136 

0.994 

The  coefficient  C  v/as  obteiined  by  comparing 
the  calculated  valuee,  of  the  vol\.\me  delivered  v/ith 
the  F.etor  readings.  The  calibrai);ioxj.  curve  v;a«  plot- 
ted with  the  square  root  of  the  head  in  in»  yjater. 
as  abscissa,  so  as  to  obtain  a  straight  line. 

The  water  meter  v;as  calibrated  before  and  after 
testing  by  passing  water  through  it  into  v/eighing 
tanks^  and  comparing  the  volumes  read  on  the  meter 
with  the  true  calculated  volumes.  The  meter  used 
was  old,  and  shov;ed  a  slip  of  11.5^  before  the  tests 
Eind  13.75^  "after  the  tests.  The  slip  in  a  meter  is 
a  variable  error;  but,  for  this  purpose,  it  is  suf- 
ficiently accurate  to  take  the  mean  of  the  two  re- 
sults as  the  error  in  the  meter  during  the  tests. 
Thermom.eters. 

All  the  thermometers  used  at  the  producer 
were  calibrated  at  several  temperatures  against  a 
standard  thermometer.  They  were  found  practically 
correct.  The  thermom-eters  used  on  the  inlet  and 
outlet  v»ater  at  the  Junker  gas  calorimeter  were 
calibrated  against  each  other,  and  v.'ere  found  to 
read  very  nearly  the  same. 
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METHOD  OF  T^^STDIG. 
Buildinp;  up  the  Fire  Bed. 

The  fire  was  built  ty  igniting  a  layer  of 
kindling  which  had  been  placed  upon  the  grate,  and, 
when  this  had  v/ell  begun  to  burn,  by  adding  a  layer 
of  coke.  The  coke  v/as  allowed  to  become  incandescent 
before  any  coal  was  added.  As  the  fire  increased 
in  strength,  coal  v/as  gradually  added  until  a  bed 
of  the  desired  depth  v/as  reached.  Gas  was  obtained 
in  each  case  about  an  hour  after  the  fire  was  built, 
but  it  took  as  long  as  tv/elve  hours  to  build  up  the 
bed  to  the  proper  depth.  The  exhauster  v/as  used 
from  the  very  beginning,  and  this  greatly  acceler- 
ated the  process. 

Before  the  gas  became  rich  enough  to  butn, 
it  was  found  necessary  to  use  a  jet  of  illuminating 
gas  to  vaporize  the  water  irtroduced  into  the  scrub- 
ber. This  jet  was  maintained  throughout  the  tests, 
for  the  gas  generated  was  not  of  uniform  strength, 
and  became  sometimes  too  v/eak  to  burn  well,  or  again, 
came  with  such  pressure  that  the  flarrie  blew  out. 
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starting,  and  Closing  the  Tests. 

After  the  fuel  bed  had  been  built  up  to  the 
desired  depth,  and  conditions  in  the  generator  had 
become  somewhat  uniform,  the  r/ork  of  preparir.g  the 
producer  for  the  test  was  begiin.  The  fire  was  tho- 
roughly cleaned,  the  ash  shaken  down,  and  the  clin- 
kers broken  up  and  removed.  The  ash  pit  v;as  then 
quickly  cleaned  of  the  refuse.  As  this  process  us- 
ually lowered  the  level  of  the  fuel  bed,  enough 
green  coal  was  added  to  bring  the  level  up  to  the 
original  height.   The  producer  v/as  then  r  eady  for 
the  test. 

The  tests  v/ere  closed  in  a  similar  manner. 
The  fuel  bed  was  thoroughly  cleaned  of  ash  and  clin- 
kers, and  green  fuel  was  added  to  make  the  depth  of 
the  fuel  bed  the  same  as  at  the  beginning  of  the 
test.  The  ash  v/as  then  quickly  removed  and  weighed. 
This  method  of  starting  and  closing  a  test  is  strong- 
ly to  be  advocated,  for  it  eliminatec  the  errors 
frequently  made  in  determining  the  amount  of  fuel 
gasified. 
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Conditions  in.  the  Tests. 

A  different  set  of  conditions  was  maintained 
in  each  of  the  tests;  and  it  is  partly  the  purpose 
of  this  thesis  to  ascertain  which  set  of  conditions 
is  the  more  favorable  for  operation  with  this  type 
of  producer.   In  the  first  test  the  fuel  bed  was 
maintained  about  4  ft.  high,  which  is  comparatively 
shalloY/,  and  the  exhauster  was  run  at  a  lov;  speed. 
These  two  factors,  a  shallow  fuel  bed  and  a  low 
suction,  make  the  conditions  of  operation  definite. 
In  the  second  test  the  fuel  bed  was  kept  S  ft.  deep 
and  the  blower  was  operated  at  a  very  much  higher 
speed.  An  effort  was  made  to  keep  each  set  of  con- 
ditions constant  throughout  the  tests. 
Observations. 

The  following  observations  were  taken  every 
half  hour : 

Venturi  meter  reading. 

Water  m.eter  reading. 

Temperature  of  water  entering  scrubber. 

Temperature  of  water  leaving  scrubber. 

Temperature  of  gas  leaving  scrubber. 

Temperature  of  gas  leaving  Venturi  meter. 

Temperature  of  mixture  of  air  and  vapor  at  ashpit 
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The  weights  of  coal  fired  and  aeh  removed 
vfere  recorded  whenever  a  quantity  was  added  or  re- 
r.oved.  Besides  these  items,  analyses  of  the  heat 
value  of  the  gas  were  made  with  the  Junker  calo- 
rimeter at  frequent  intervals,  and  determinations 
were  frequently  made  of  the  rate  at  which  vrater 
was  supplied  the  regulator. 
Samplinp;  Coal ,  Ash,  and  Gas« 

Great  care  was  taken  to  secure  average  samples 
of  coal,  ash,  and  gas.  The  coal  and  ash  were  sampled 
in  the  same  way.   A  sample  v/as  taken  from  each  charge 
and  put  aside.  At  the  end  of  the  run  the  entire 
quantity  was  thoroughly  mixed  and  quartered,  and  a 
quarter  v/as  placed  in  a  jar  for  analysis.  This  was 
again  thoroughly  mixed  and  ground,  and  was  then 
given  to  the  Chemical  Department  to  be  analyzed. 

A  continuous  sample  of  gas  was  collected  in 
a  gasometer.  The  sample  for  the  first  test  was  al- 
lowed to  run  about  twelve  hours,  and  that  for  the 
second  test  about  eighteen  hours.   Inasr.uch  as  the 
gas  was  running  freely  through  the  sampling  pipe 
all  this  time,  the  samples  obtained  might  well  be 
considered  representative  of  the  gas  generated. 
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The  calorific  value  of  the  gas  v/ao  deter- 
mined at  frequent  intervals  with  the  Junker  calo- 
rimeter.  The  analysis  of  the  continuous  sample  was 
considered  the  more  accurute,  hov/ever,  and  the  heat 
value  figured  from  this  v;as  used  in  calculating  the 
results. 

An  attempt  to  obtain  hourly  analyses  of  the 
gas  for  the  constituents  CO2,  CO,  and  Og  was  made 
with  the  Hayes  apparatus.  The  magnitude  of  the  con- 
stituents, however,  was  beyond  the  capacity  of  the 
instrument,  and  the  attempt  had  to  be  abandoned. 
The  Coal. 

The  coal-  used  in  the  tests  was  a  pea-sized 
anthracite.   It  had  a  high  percentage  of  ash  and  a 
low  heat  value.   It  gave  the  following  results  on 
analysis : 

Moisture       Ash        B.  t.  u. 
l.lOfo        18.65f.       10,188 
Although  the  producer  was  designed  for  this  grade 
of  coal,  yet  the  coal  gave  considerable  trouble. 
It  had  a  tendency  to  clinker  and  to  form  arches. 
(See  notes  on  operation).  The  pea-sized  coal  is  too 
small  for  the  type  of  grate  with  which  the  producer 


is  equipped,  and  a  great  deal  of  the  coal  dropped 
through  unburned  to  the  ash  pit. 
The  Ash. 

Owing  to  the  presence  of  large  quantities  of 
coal  in  the  ash,  difficulty  v;ac  encountered  in  get- 
ting an  average  sample.  The  ash  that  v;as  obtained 
was  of  a  grayish  color,  v;ith  evidence  of  clinker. 
In  the  first  test  the  ash  ran  8366  B.  t.  u. ,  and  in 
the  second,  6041  B.  t.  u. 
The  Gas. 

Two  samples  of  gas  were  taken  from  the  gaso- 
meter for  analysis.  The  analyses  are  given  below: 

Composition  of  Gas  b^  V6 lum e . 
Constituent.  Per  cent. 

Test  #1. 
Sample  1,    Sample  2. 

COg  2.9  2.8 

Illiiminants.          0.2  0.3 

O3  2.0  2.0 

CO  16.5  16.2 

H  8.1  6.S 

CH4  0.4  0.4 

N3  69.8  71.8 

B.    t.    u.  84.7  78,9 
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Test 

Sample 

#2. 

1.  Sample  2 

2,5 

2.3. 

0.2 

0.4 

1.4 

2.2 

24.0 

23.8 

1.3 

2.0 

3.0 

2.3 

67.5 

67.4 

115.4 

109.0 

The  gaa  burned  with  a  clear  non-luminouB  flame.   It 
appeared  to  be  perfectly  free  from  soot  and  dust. 
It  burned  with  a  steady  flame  in  a  Bunsen  burner, 
except  when  air  was  introduced  at  the  base  of  the 
burner,  when  the  flame  at  once  went  out. 
Venturi  Meter  Readings. 

The  accuracy  of  the  recorded  volume  of  gas 
generated  depends  upon  the  accuracy  with  which  the 
difference  in  pressure  between  the  upstream  and 
throat  of  the  Venturi  could  be  read.   In  the  first 
trial  these  readings  were  recorded  on  a  3-in, 
Ellison  differential  gauge.   In  this  test,  too,  the 
low  suction  made  it  possible  to  maintain  the  head 
on  the  Venturi  practically  constant.  The  3-in. 
gauge  was  too  small  for  use  in  the  second  tost,  c.nd 
U-gauges  had  to  be  substituted.   In  this  test  it  was 
a  difficult  matter  to  keep  the  head  on  the  Venturi 
constant,  and  this  fact  may  account  for  the  errone- 
ous results  obtained.   (See  Discussion). 

Attention  is  here  called  to  the  unusual  con- 
struction of  the  U-gaugs  at  the  upstream.  One  of 
the  scales  alongside  the  tube  v;as  inverted,  as 
shown  in  Fig.  5.   This  will  serve  to  explain  the 
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peculiarity  of  the  upstream- readings  in  the  seoond 
test. 


Determination  of  the  Rate  of  Flow  of  Water  into 

the  Regulator. 
The  rate  at  v;hich  the  economizer  was  supply- 
ing water  to  the  producer  was  determined  very  fre- 
quently, for  it  vra.8  impossible  to  keep  this  quanti- 
ty constant.  Whenever  the  irregularities  in  the 
fuel  bed  caused  a  change  in  the  suction,  and  this 
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was  constcintly  occuring,  the  rate  of  flow  of  v/ater 
through  the  rsgulator  was  changed.  By  determining 
the  rate  of  flov;  at  frequent  intervals,  and  averag- 
ing these  determinations,  a  fairly  close  average 
rate  couldbe  obtained, 

A  determination  was  made  b^''  weighing  both  the 
water  supplied  the  regulator  and  the  overflow  for 
a  run  of  ten  or  fifteen  minutes.   The  difference  be- 
tween these  two  weights  v;as  the  weight  vaporized 
during  the  time  of  the  observation.  The  result  v/as 
recorded  in  pounds  per  hour. 
Cleaning  the  Fire. 

The  formation  of  a  clinker  could  easily  be 
detected  by  a  v/eakening  of  the  gas  generated.   Clin- 
kers were  broken  up  by  opening  the  door  of  the 
charging  the  hopper  and  slicing  the  fire  with  an 
iron  rod  from  above.  This  method,  of  course,  admit- 
ted a  large  excess  of  air  rnd  diluted  the  gas  to 
the  point  v/here  it  would  no  longer  burn.  This  con- 
dition lasted  for  only  a  few  minutes,  hov/ever,  and 
invariably  good  gas  was  obtained  after  the  fire  had 
been  sliced. 
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RESULTS  OF  TEST  N0.__1. 

1.   Duration  of  test  in  hours 36 

Average  Temperatures,  degrees  F. 

3.   Air  and  vapor  entering  producer 333 

3.  Gas  leaving  scrubber 4o,4 

4.  Gas  leaving  Venturi 73.1 

5.  Water  entering  scrubber 34.0 

6.  Water  leaving  scrubber 37.4 

Average  Pressures. 

7.  Barometer,  in.  mercury 39.41 

8.  Diif.  in  presoure  betv;.  throat 

and  upstream  in  Venturi,  in. water..   1.77 

Wat  er , 

9.  Used  in  vaporizer,  lbs.  psr  hr 6.04 

10.  Total  weight  used  in  test 317.4 

11.  Used  in  vaporizer  per  lb.  of 

fuel  charged  in  producer 0.38 

12.  Used  in  wet  scrubber,  cu.  ft 5659. 

13.  Used  in  wet  scrubber  par  rated 

horsepower  of  producer  per  hr 6.38 

14.  Used  in  wet  scrubber  par  1000 

cu.  ft.  of  gas  produced 91.9 

Composition  of  Fuel  by  weight, 

15 .  Moisture 1  •  1^/° 

16.  Ash 18.65fo 
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17,  Calorific  value 10,188 

Composition  of  Gas  by  Volune. 

18,  Carbon  dioxide  (COg) 2.9^ 

19,  Illuminants 0,3 

20,  Oxygen  (Og) 2,0 

21,  Carbon  Monoxide  (CO) 16.4 

22,  Hydrogen  (H3) 7.4 

23,  Methane  (CH4) 0,4 

24,  Nitrogen  (N2) 70.7 

25,  Calorific  value,  B.  t,  u 81.8 

Fuel. 

26,  Total  fuel  charged  in  producer, lbs.  78G,2 

27,  Total  dry  fuel  charged  in  producer.  777,55 

28,  Percent  of  ash  in  dry  fuel 18.89 

29,  Total  ash  in  fuel,  lbs 146.9 

30,  Total  refuse  from  producer,  lbs....  354,05 

31,  Total  combustible  charged  in 

producer,  lbs 630.65 

32,  Total  cor.buetible  in  refuse,  lbs,..  207,15 

33,  Percent  of  total  combustible 

consumed 67,05 

34,  Fuel  as  fired  per  hour,  lbs 21.85 

35,  Dry  fuel  p^r  hour,  lbs 21.6 

36,  Combustible  per  hour,  lbs 17,51 
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37.  Fuel  as  fired  per  sq.ft.  of  fuel 

bed  area  per  hour,  lbs 6.95 

38.  Dry  fuel  per  sq.  ft.  of  fuel 

bed  area  per  hour,  lbs 6.88 

39.  Combustible  per  sq.  ft.  of  fuel 

bed  area  per  hour,  lbs 5.58 

Gas.  (Standard  at  620F.  and  29.93  in.  mercury.) 

40.  Total  cu.  ft.  produced 61,633 

41.  Cu.  ft.  per  hour 1,712 

43.      Cu.    ft.    per  lb.   of  fuel   as   fired 78.45 

43.  Cu.    ft.    per   lb.    of  dry   fuel 79,45 

44.  Cu.    ft.    per   lb.    of   combustible 99.1 

Heat,    B.    t.    u. 

45.  Per  lb.  of  fuel  as  fired 10,188. 

46.  Per  lb.  of  dry  fuel 10,300. 

47.  Per  lb.  of  ash 8,366 

48.  From  fuel  as  fired  per  hour 22^,608. 

49.  From  refuse  per  hour 83,338. 

50.  Supplied  par  hour 140,370. 

51.  Per  cu.  ft.  of  standard  gas  81.8 

53.   From  gas  per  hour 140,043. 

Percent  Efficiency. 

53.  Of  producer  and  grate 63.95. 

54.  Of  producer 99.8 
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Gas  Producer  Operator's  Notes  on  Test  #1. 

Time.  Note. 

Feb.  20,    11:00  A.  M.    Beginning  of  test;  gas  too 

v;eak  to  burn  at  Junker 
calorimeter, 

11:50         Poked  fire  and  added  33.7 

lbs,  coal. 

12;45         Poked  fire;  all  running 

smoothly;  gas  still  weak. 

1:15  P.  M.    Sliced  fire  from  above  to 

break  up  arch;  gas  be- 
coming \7eak8r. 

3:40         Sliced  fire. 

5:25         Gas  still  v;eak. 

5:45         Forced  fire  and  opened  waste 

pipe  v/ide;  gas  becoming 
richer, 

7:00         Closed  waste  pipe;  gas  richer 

and  coming  v;ith  a  roar. 

9:30         Sliced  fire  and  added  62.5 

lbs .  coal . 

10:00         Changs  of  shift. 

Feb.  31,  12:20  A.  M.    Fired  100  lbs.  coal. 

3:00  A.  M.    Fired  400  lbs.  coal;  level 

of  fuel  bed  above  starting 
level. 

3:20  Good  gas. 

6:00         Gas  burning  well, 

8:30         Change  of  shift. 
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Notes  on  Test  #1  Cent  in* d. 

10:50        Gas  burning  well, 

1:30  P.  IvI.   Gas  good  and  burning  steadily. 

4:00        Fired  131  lbs.  of  coal. 

5:00        All  running  smoothly;  gas 

burning  well. 

8:00         Fired  59  lbs.  of  coal. 

8:20        Slic3d  fire.   Gas  weakened 

and  then  improved. 

10:45        Fuel  bed  at  exactly  the  seone 

level  as  at  beginning  of 
test;  gas  burning  well. 

11:00        Test  closed;  removed  354.05 

lbs.  of  ashes. 
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notes  on  Test  #3. 


Time,  Note. 

Mar.    3,    10:00  P.   M.  Beginning  of  test;    gas   good. 

Mar.   i,    13:30  A.   !.I.  Fired  65.1  lbs.   of   coal. 

3:00         Added  65  lbs.  of  coal;  gas 

burning  well. 

5:30         Fired  50  Iba,  coal;  gas  weak- 
ening. 

8:30  Ch8.nge  of  shift;  gas  grov/ing 

weaker. 

9:00         Broke  up  arch  and  clinkers  and 

thoroughly  cleaned  fire. 
Added  100  lbs.  coal. 

12:00         Added  50  lbs.  coal  and  removed 

108,4  lbs.  ash. 

2:00  P.  M.    Poked  firs  and  added  100  lbs. 

coal. 

4:30         Sliced  fire  and  added  50  lbs. 

coal. 

5:45         Sliced  fire  on  account  of 

weakening  gas;  gas  improved 
soon  after. 

7:00         Fired  50  lbs.  coal. 

8:15         Fired  100  lbs.  coal. 

10:00         Change  of  shift. 

Mar.  5,   1:00  A.  M.    Slicel  fire  and  added  128  lbs. 

of  coal. 

1:30         Gas  good. 
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Notes  on  Test  #3  ContiR'd. 

Time.  Noti 


2:30  A.  M.      Gas  burning  well. 

4:10  Sliced  fire;  gas  uniform  and 

good. 

5:50  Sliced  fire  and  added  61  lbs. 

of  coal;  gas  good. 

7:20  Broke  up  arch,  and  added  59 

lbs,  coal. 

7:30  Gas  weakening. 

8:30  Change  of  shift, 

10:15  Sliced  fire  and  added  100  lbs 

of  coal. 

12:30  P.  M.  Cleaned  fire  of  clinkers. 

12:45  Removed  250.8  lbs.  ash,  ■ 

1:30  Fired  350.8  lbs.  coal. 

2:00  Fired  100  lbs.  coal. 

4:00  Very  good  gas. 

6:30  Extra  fine  gas, 

9:00  Gas  burning  v/ell. 

10:00  Change  of  shift. 

10:30       '    Sliced  fire  and  added  133  lbs. 

coal;  gas  very  good. 

Mar. 5,  12:30  A.  M.      Gas  burning  well. 

2:20  Sliced  fire  and  broke  up  arch, 

Fired  200  lbs.  coal. 
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Notes  on  Teat  Contin'd. 

Time.  Note. 

5:40  A.  M.,    Sliced  firej  gas  good. 

6:30         Sliced  fire  and  added  65  lbs. 

of  coal. 

8:30         Change  of  shift. 

9:00         Gas  burning  v.'ell. 

9:30         Sliced  fire  and  removed  343.3 

Ibo.  ash.   Gas  poor. 

10:30  Fired  350   lbs.    coal, 

13:00         Gas  burning  well. 

3:30  P.  M.    Gas  very  good. 

6:00         Sliced  fire. 

6:45         Fired  100  lbs.  coal. 

8:35         Sliced  firej  gas  burning  well. 

10:00         Test  closed.  Added  335  lbs.  coal 

to  bring  level  of  fuel  bed  to 
starting  point.   Removed  408.5 
lbs.  ashes. 
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DISCUSSION  OF 'RESULTS. 

It  is  aeen  from  the  results  obtained  that 
the  gas  generated  in  the  second  test  was  much  rich- 
er than  that  of  the  first  test.  This  is  as  might 
be  expected.  The  deep  fuel  bed  maintained  through- 
out the  test  was  favorable  to  the  formation  of  CO, 
which  is  the  most  important  constituent  of  producer 
gas.   Considerably  more  methane,  too,  was  obtained 
in  the  second  trial,  and  this  greatly  added  to  the 
calorific  value  of  the  gas. 

It  is  peculiar  that  the  hydrogen  content  of 
the  gas  generated  in  the  first  test  should  be  so 
much  higher  than  that  of  the  second,  when  more 
water  was  fed  the  producer.   It  is  possible  that  the 
extremely  high  suction  in  this  run  swept  tha  vapor 
through  the  fuel  bed  before  it  was  broken  up. 

The  writers  have  not  calculated  the  results 
of  the  second  test  because  they  are  uncertain  of 
the  volume  of  gas  generated.  This  is  not  due  to  an 
incorrect  calibration  of  the  Venturi, — the  writers 
have  reason  to  believe  that  item  correct,-  but  it 
is  due  undoubtedly  to  the  high  velocity  of  the  gas, 
and  the  difficulty  experienced  in  keeping  the  head 
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on  the  Venturi  constant.   Another  source  of  error 
might  have  been  the  moisture  content  in  the  gas. 
With  the'  gas  flowing  at  the  high  velocity  tho  ni^^ 
that  it  did  during  the  test,  the  dry  scrubber  pro- 
bably was  unable  to  perform  its  function,  and  the 
gas  may  have  come  through  very  wet.   Although  the 
efficiency  in  the  second  run  cannotbe  obtained, 
the  test  is  still  valuable  as  a  study  of  the  con- 
ditions to  be  maintained  in  the  operation  of  a 
producer  of  this  type. 

The  frequent  formation  of  clinkers  which 
characterized  the  second  test  is  a  serious  obstacle 
in  the  way  of  successful  operation.   It  would  un- 
doubtedly be  more  desirable  to  operate  the  producer 
with  a  high  suction  and  a  deep  fuel  bed;  but,  under 
these  conditions,  the  fuel  has  a  greater  tendency  to 
clinker  and  to  arch  across  the  bed.  With  proper  care 
in  the  operation,  hov/ever,  this  difficulty  could  be 
lessened,  and  this  set  of  conditions  be  maintained. 

The  efficiency  of  the  producer  as  obtained 
in  the  first  test  is  extremely  high.  This  high 
value  is  undoubtedly  due  to  an  error  in  sampling 
the  ash. 
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CONCLUSION. 

The  tests'  herein  discussed  show  a  gaa  produ- 
cer of  the  type  and  size  tested  to  be  a  practical 
piece  of  apparatus,  which,  v;ith  proper  attention, 
can  be  operated  with  but  little  trouble  and  fairly 
high  efficiency.  The  investigations  carried  on,  how- 
ever, were  not,  and  could  not  vjsll   be,  of  sufficient 
scope  to  cover  many  of  the  problems  incidental  with 
the  operation  of  a  gas  producer;  and  reference  is 
here  made  to  the  results  of  a  series  of  tests  con- 
ducted at  the  University  of  Illinois  on  a  producer 
somewhat  larger  than,  but  of  a  similar  type  to  the 
one  tested.  These  show: 

1.  The  efficiency  of  a  producer  is,  within 
wide  limits,  practically  independent  of  the  rate 
of  gasification. 

3.  The  efficiency  of  a  producer  is  but  little 
affected  by  the  relative  percentages  of  CO  and  Hg 
in  the  gas  generated. 

These  results  would  shov/  the  efficiency  in 
each  of  the  tests  carried  on  here  to  be  about  the 
same. 
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APPEITDIX. 

Outline  of  Computations. 

Item     1-9    (incl.).   Observed. 

10.  Item  9  X   item  1     =     6.04  x   36     =     317.4 

11.  Itei.i   11  217.4  =         0,376 


6.38 


Wt.  coal  used 

s 

786.3 

12.  Observed, 

13.     Item  12 

n 

5659 

Rated  H.  P.  x 

item  1 

25  x  36 

14.     Item  12 

x  1000 

=   5659  X 

Vlo.  gas  generated 

51632 

15.    -  24    (incl.)      From  analysis. 


o 


5.   Figured  from  heat  values  as  given  in 


Richards  "Metallurgical  Calculations". 

26.  Observed. 

27.  Item  36  X    ( 100- it  em  15)      =   786.3    (100-1.1) 

100  100 

=    777.55 

28.  100  X  item  15  -  100  x  18  ._65.  «    18.89 
100  -  item  15   100  -  1.1 

29.  Item  16  x  item  26  =  18.65  x  786.3  =  146.9 

30.  Observed. 

31.  Item  27  -   item  39  =777.55     -   146.9  =  630.55 

33.      Item  30   -    item  39  =354.05  -      146.9  =   307.15 

33.      Item  31  -   item  32  xlOO     =        630.65  -207.15     lOO 
Item  31  630.55 

=      67.05 
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em  34. 

Item  36 
Iteia  1 

s 

786.3  : 
36 

:  2: 

1.85 

35. 

Item  37 
Item  1 

s 

777.55 
36 

~ 

21 

.6 

36. 

Item  31 
Item  1 

= 

630.65 
36 

^ 

17 

.51 

37. 

Item 

34 

3d 

21 
3 

.85 
.14 

=   6.95 

Area  fue! 

L  b( 

38. 

Item 

38 

- 

21 

3.: 

.  5 
14 

=   5,88 

Area  lue! 

L  bed 

39. 

Item 

36 

z: 

17 

.51 

=   5.58 

Area  fue! 

I   hi 

3d 

3 

.14 

40. 

Item  41  : 

K  36         = 

1713   X 

36=   61,632 

41. 

Observed 

• 

43. 

Item  40 
Item  26 

^ 

61633 
786.2 

' 

"" 

73.45 

43. 

Item  40 
Item  37 

~ 

61633 
777.55 

' 

- 

79,45 

44. 

Item  40 

= 

61633 

- 

99.1 

Item  31     530,65 

45.  From  analysis. 

46.  Item  45  x  100   =   10188  x  100  =   10,300 
100  -  item  15       100  -  1.1 

47.  From  analysis 

48.  Item  45  x  34   =10188  x  21.85   -332,608 

49.  Item  30  x  item  47  ::   354.05  x  8368  =82,238 

Item  1  36 

50.  Item  48  -  item  49  -  322608  -  82238  =140,370 
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Item  51.      Obs3rv3d. 

53.      Item  41   x   item  51  =      1713  x  81.8  -     140,042 

53.  It  err.  53   x      iqO     =      1^00^3   x   100  =-   63.95 
Item  48  23360S 

54.  Item  53     ^     140043     =        99  3 
Item   50'  140370 
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CALI3RATI0IT  CURVE 
OF 

VEHTURI  METER. 


'^^x:AUBRj^a:idMcus^4£^.QE-)iENTi!/Ri  M^reR.- — 


sglRooT or ne^o  IN iNCH£s  of  v^ArgK. 


GAS   PRODUCER. 


LOG  SHEET  #1 
TEST  #1. 


TEST  OF  A    Z5  H.R   TrFE"E"  3MITH  RUCTION  GAS   PRODUCER, 


Sfatc       F^sb-    20»  Z',  /9/,3 


'  /?£SSU/?£S 
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At^p  f^ifzsj:>  /^MOi/zj?3uppueD/^£Aof'^<si^  ^fJf'f^'^i^                1 


gMiEE?g»ggE^BW553BE**'-*''* 


/.So       .34 
— 3^ 


||^^^^3  Q^^^QQ^^ggC  I 


344,0    /S^ 
^34.0     /-^ 


Z3^^S& 


\zas_!_s 
zas-sa 


Z3  7Z3 
Z3  790 


■zaasr 

■Z399S 
Z3oe3 


Z3  /3^ 


Z9Z  03 


Z3Z7<^ 


I 


Z9-4Be 


/■; 

/.5o|    34- 


ZSO I     . 


2.  so  J   34 


Z.30\     34 


\  284.0     /3 


\z74.  o    rz 

\30'»"\    '■^ 


•.o/e 


\3&8.o\  /e 


lyr 

69  \ez.s 

—I 


4.(ae  \Z3G30 
Z.4-0  I  Z9  705' 


7S    \/00 


1^6^.01    40     I     , 


\33S.O    40.S      63 

■(A  41. — ^3- 


\3oo/:o 


\3.ze  \.3o<y8G 


\T         \30/VZ 

WOZ4K. 

I \303/& 

I  3033Z. 

>   3o-i^63 
I  3oS3r 


3.eo  \3<:i&f  I 


\.3oe3S^\ 


\30V^S 


\3oa33 


\309/0 


\30983 


GA3   PRODUCER 


THESIS!       /^.z:>.)^cf/c/. 


\C7^i^/zic  i/ALU£.  T^/CKNe:5s 


X^eLATiV, 


IBS«Es2SH 


LOG  SHEET  #2 
TEST   #1. 


TEST  OF  A    Z5  H.R    TYPE  "E"  SMITH  SUCT/ON  GAS   PRODUCER 


A7-  C-  l^^/c/. 


7^KE33UR.EZ 


y^MP- 


iSf^fS    \,ivrui!\      l/\//\rs/^ 


^WvS- 


i^£/G, 


\C0AI-     \A-SM        \tVAT 


<^A^ 


X^/^ej:?  y^f^o. 


'AA'SH  PlT\S'=meaaiyt:NTca., 


Mbt^k 


(WA~^^  TO 


Fir^E  WurVllDlTY\ 


Ltv<K.ya/s         fj'irs-rj 


Z.03        34- 


Z.oi      3  4- 


/.93\   3W^ 


/.3a-  \   3-4- 
/.3Z\    34- 


/■9Z  \    J4- 


\    /.94-\   3^ 


O.S'\     6Z 


■44-  bS 

4S  76 


■44.S\     7e 


\3/40& 
\3/SZ3 


I  zoo     3M. 


Z.OO\  3^ 


Z.OO\   3^ 


z.oz.\  3y^ 


zoo      34- 
ZOO     34- 


zoo    3-^ 
Zoo      34- 


■>o\  3-a. 


\ZOO  I   3^4- 


zoo      34- 


^a. 


^3      \      7Z      \ 


.^3  7Z 


•^ff-  -70 


^i>  ', 


4(a  74 

'■>  74.S' 


^^         T-.g. 


4i>  SO" 

47         8^ 


47        3S 


\  .     \.3/S04 

/sea 


,     \3ZOZZ 


\/Z.l87hr\  3ZOe^ 


I  ^     \3Z/<5^S 


I  ^ 


3Z33i, 


\7?Z''/'„r\3Z^o  I 


\3Z.4-S<i> 


az^'^e 


\3Z&:^3 


\73Zf,/,A3Z7S9 


\£Z4"aA  3Z34/ 


\3300Z 


330e,'3 


..   \33Z'0 


.9(,-yiA33Z84- 


\333'43 


vmmAW^smUiirMlk 


IR^Kl^^felE^EJII 


V^^EK^^^t 


\786.z\3SAoi 


\4946 


S6SS 


■V  GAS   PRODUCER. 


mKR 


R  K.  Bro  \^n 

J-  Win-he^rc-orn. 


SKT  fJliMlfi^lAB!  I 


3c.rabt?e^r     o-f  Oa^ 


LOG  SHEET  #1 
TEST  #  3. 


TEST  OF  A     25  H.R  TYPE    "E"  SMITH   SUCTION  GAS    PRODUCER. 


Date-Mar 


P.K.Bro\^n 
The-s /5 :   M.D.  W<a Id- 


Te^mpeyri:^i-ure^5-°F.      We.igh+5-  Lbs. 


■^     \v&-nfuri  Gas  M(Z-+e^r-lnchz-5  Wa-he-rX     V\/ai-e^r 


Wafe-r Supra  B.T.U.  Valu 
5crut>be,r     of  Sas.    \        x 


upsrr&'am 


Thrc?£:^i- 


■\  :§     .§^-i 


I  29.4-7        n.8B 


/?.75 


«.63 1     3.0      3  ,65       3.1 


IS./3\      9.69       38?        2.2 


18. /3       S.&9     3.(92  g-/ 

lao   I     a.56  "g.36  Z.O 

sot  2.1 

17.75  I     3. 06?. 6/  1-9 

n.&3\     3.06\   g.69  2.2 


308 
5Z.5  306 
6Z         ?ia 


3bZI^ 

21Z 

?.36 

isa 

385 

4-34- 

3.7f 

463 

1       532 

6.30 

588 

63«- 

7.3a 

705 

739 

1     iob 

3.30 

846 

907 

9« 

360(73 

SO       rOB-4-\ 


^■■■EQ 

Z79 

346 

^^^■^■^H 

s 

K^l^^H 

9.0 

12.  t 

6/P 

3) 

- 

36.5 

66 

3» 

7.8 

lO.O 

6.18 

3= 

36.5        -H 

66 

^4^ 

7.7 

9-S 

5.98 

3^ 
33 

37            33 
36.5        39 
37           33 

65 

346 

T.fi 

9.5 

b.-yn 

65.6 

346 

7.6 

9.7 

5.63 

34- 

60            3^? 

7.5 

3.4- 

6.59 

33 

36           3< 

60 

VP, 

7.3 

S.S 

6.ar 

33.5 

36           *2 

63 

340 

8.04-        765 

158.0 

a 

8Z8 

631 

8.0            352 

lot.o 

370/6 

063 
135 

13a -s 

s 

TE5T  OF  A    25  H. P.    TYPE  "E"  5M/TH  SUCTION  GAS    PRODUCER. 


Da-he,  ■■  March  3, 4, 5,  *  6,  1913. 


\l/e-n-har/  G^s  A1e-¥-e-r-/nche-s  fA/ai-e^r. 


,       ^L^^rre^m.  Thrc>ai+.  t,    , 


\-  l7.b3\A-a-B8\ 


n-63    a.ae 

/7.5     a.a& 

-  n-BB      9.0 


n.5       3.5 


n.i3\  3.13 


23.56\    n-O       3.C? 


n.ZB     9.  ?5 


n.l9  9.19 

17.13  9.13 

17.32  9.3Z 

n.ZS  9.33 

17-19  9.3Z 

n.SO  9.5 

/7.A3  9.3&"' 

■  a. 13  9.38 


n.l3\    9.25 


17.13  S.?5 

/7.f5  9.3S 

/7./9  3-3? 

t7./3  9.73 


11.13      3.ZB 


n.B      9.2S 

n.l3       9.25 


f7.2S      9.38 

^7.25      9.38 

\1.ZB     9-38 

/7./3  '  9.ZS 


n.13     9-15 


Z9.3a\    n.l3      9.19 


n.l3      9.31, 


. I7.0       9.13 

n.O      9.13 

n.o     9.0 


tb.o       B.o 


TEST 


Te.mperai-are.5-  "F. 


.1 
Wai-z,r  Gais.  ■^ 


P.K.Brov\/n 
The^sis-  M.  D.  Wa/d. 

J.  Wrn-f-z-rcorn. 


\W<a-te.r  3upliiB.T.U.  Value.  I 


63         336 

63         3g/         SO 


65.         Z&Z 


_66_ _    yx 

66         32'»- 


6  6         336        50 


6a         376 

6  6         364- 


67  34-7      lOO 

66  3Z7 

67  311 

66  Z96 

64-  Z36 

&&  ZSO    

66  267     

69  Zbo 

69  260 


69         ?58       iza 

69  ?5I 

70 256 

ea        Z60 


65  270 


66  272 


66.5      ?72 


66  276 

66  zao 

67  zao 
67  zao      t 

67  234- 


e>9  Z90 


75     I     238     I    S9 


..^  256 

80  ~    zm- 


72  273 


72  ZSO      too 


1.14-    3719/ 

Z5Z 

330 


3^6 


■W*- 


5?Z 


5$l 


673 

8.04-         73a 


79a 

fl69 

91^ 


3800Z 


£.74-         <376 

/4^ 

7.34-        203 
Z5Z 


307  \ 


366 

6 .70         4-/7 

477 

530 


7.20         594- 


6»o 

'.n-        697 


756 

ez5 


IZb.b 

I'H-t 

a 

I05.8 

LOG  SHEET  #3 
TEST  #2. 


TEST  or  A    25   H.R   TYPE    T"  SMITH    SUCTION    GAS    PRODUCER. 


Dufe. :  Murch      5,  e,  1313. 


Wenfuri    Cjas  Meter  -Inch&s  lA^jt&r-. 


Water. 


P.K.Broivn. 
s:   M.D.Wald. 
J.  i^nt&rt^orr 


1.1.  u.  vah 
of   Gas.      I 


f.  I,  •)     ^  10  <  5 


8SG 


9Zf\ 


fBf 

7.  go  /30 

/97 


■fO 

i>9 

:S9X 

■^IS 

70 

J1I 

40 

6S 

•i7l 

4iS 

&7 

3TO 

-39 

65" 

378 

-»o 

&7 

33* 

■40 

na 

3Sa 

^40 

c» 

33/ 

-*-♦ 

60 

3Ba 

LOG  SHEET  #4 
TEST  #2. 


TEST  or  A     25  H.R   TKPE    "£7"  SMITH   SUCTION    GAS    PRODUCER 


Date:  March    5,6.  / 9/ 3. 


W&nfuri  cSas  Mate-r  -  Inches  i/Zate-r. 


Upstr&am. 


Throat 


\-n.  3  \-f-9.zs 


n.i3      f.zs . 


n.oo 


n.i3 


n.i3 


29.19  I  n.l3 


Temperatures  - 


PK.Brov\/n 
Thesis:    M.DWald. 

J.  Winferc  orr. 


Wal&rSupplHyBTU.  Value 


W^ter. 


■^X      ^-^ 


6:oo 

l-i-.OO 

630 

I3.7S 
/3.7S 

TOO 

Z9.30 

7.3<» 

I3S0 

ix.is- 

10.77 

/O.l^ 

34 

3b.S 

-*/ 

33 

St 

4X 

IZ.-iS 

/0.7S- 

33 

36.  S 

39 

IS.OO 

9.(ie 

33 

38 

-fS 

IX/90 

f.77 

33 

38 

-*3 

g.3a 

S./o 

Z.33 

■4.SO 

4.00 
3.Sa 

n.ao 

S.80 

3.SO 

233 

3/3 

33K        3SO 


343 


341      

374 


3<iO  lOO 


a 

6*- 

34B         Z-gS 


